I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*In vitro* calcium oxalate (CaO~*x*~) salt crystallization study is of elementary importance for urolithiasis potential analysis of drugs. Various alternative strategies are also being used by the researchers that differ qualitatively and quantitatively within the extent that they must possibly reproduce all the aspects of the crystallizing activity occurring in the excretory organ system. No matter what system is used to study crystallization modulating potential of a drug, the target is to measure three key aspects: first, the chemistry concerning prevailing supersaturation issue in the kidney; second, different processes that might interfere throughout the course of the crystallization; and third, how close is the process that the experimenter is trying to mimic compared to what actually happens in the biological atmosphere.

Sequential steps of stone formation, from crystal nucleation induction to the final clinically complicated stone formation, are modulated by mutual balance between promoters and inhibitors \[[Figure 1](#F1){ref-type="fig"}\]. A gentle state supersaturation can probably act as a good representative of the intrarenal scenario than a system that decays the equilibrium status. The constant composition technique and the mixed suspension product removal techniques can closely resemble the gentle supersaturation process of kidney.\[[@ref1]\] Crystallization strategies used in urolithiasis drug analysis are of several forms, that is, *in vivo*, *in vitro*, or in the presence of cultured cells, and they could be objective, subjective, or semiquantitative. The processes can involve the utilization of complicated pricey instruments or could be straightforward and low cost. The key to assess the crystallization behavior interference potential of a drug is to explore the target matching with a suitable in vitro crystallization-related experimental procedure.\[[@ref2][@ref3]\] This proposed study protocol involves a quantitative *in vitro* process to find out the interference level of the plant-derived enriched extracts on sodium oxalate--induced in vitro CaO~*x*~ crystallization process.

![Sequential schema of stone development from nucleation of crystal to a clinical stone formation](JPBS-10-83-g001){#F1}

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Collection and identification of plant {#sec2-1}
--------------------------------------

*Cynodon dactylon* whole plant, *Emblica officinalis* fruit, *Kalanchoe pinnata* leaf, and *Bambusa nutans* shoot were collected between October 2014 and April 2015 from Rewa, Raisen, and Bhopal districts of Madhya Pradesh, India. Herbarium was prepared for all the four plants and authenticated by Dr. Zia Ul Hasan, Professor and Head, Herbarium Department, Department of Botany, Saifia College of Science Bhopal, Madhya Pradesh. Voucher specimen no. 456/Bot/saifia/14 was allotted. The plant material was made completely clean, dust free, and dried under the shade for 15--30 days. Dried plant parts were pulverized with a mechanical pulverizer to form coarse powder, and stored in airtight container for further studies.

Extraction of plant material {#sec2-2}
----------------------------

The coarse powder was defatted with petroleum ether (40°C--60°C) for 72h using Soxhlet apparatus separately for individual plant material; the extract was filtered and marc dried. Dried marc was further extracted with methanol/water (50:50) for 72h using Soxhlet apparatus, extract was filtered, and one-third of the solvent was removed by evaporation below 50°C. The remaining solvent was completely evaporated up to a constant weight with rotary vacuum evaporator (Superfit, India) at 50°C. The dried extracts were weighed; percentage yield calculated; and color, consistency, and appearance of all the extracts were noted.\[[@ref4]\]

The dry hydromethanolic extract was individually added with 25 times of 1N hydrochloric acid and maintained at 60°C for 30min and further at room temperature for 2h. The extract was filtered, ethyl acetate was added, and the supernatant ethyl acetate phase was separated. The process was repeated thrice, all the supernatant phase was pooled and completely evaporated.\[[@ref5]\] The extracts were then weighed, percent yield calculated, and phytochemical test for the presence of flavonoid, tannin, and phenolic compounds was performed.

Quantitative analysis of ethyl acetate fraction {#sec2-3}
-----------------------------------------------

The ethyl acetate fraction of *C. dactylon*, *E. officinalis*, *K. pinnata*, and *B. nutans* was subjected to qualitative analysis for the estimation of total flavonoids and polyphenolic compounds.

### Estimation of total polyphenol {#sec3-1}

The total phenolic content of the ethyl acetate fraction was determined according to the Folin--Ciocalteu method.\[[@ref6]\] This colorimetric method is based on the reduction of a phosphotungstate/phosphomolybdate complex by phenolics to form blue-colored reaction products in alkaline conditions. Ethyl acetate fraction (0.5mL) (20 µg/mL in methanol) was added with 250 µL of Folin--Ciocalteu reagent and 1.25mL of 20% aqueous sodium carbonate solution. After incubation for 45min in dark, the absorbance of this reaction mixture was spectrophotometrically (double beam ultraviolet/visible spectrophotometer; EI 1372, Japan) recorded at 725nm against a blank (0.5mL of extract was replaced by 0.5mL of extracting solvent). Total phenolic content was determined in comparison with the standard gallic acid equivalent (µg/mg of dry mass), which is a common reference compound.\[[@ref7]\]

### Estimation of total flavonoids {#sec3-2}

Aluminum chloride colorimetric technique was used for the estimation of flavonoids following the method of Siddique *et al*.\[[@ref8]\] Ethyl acetate fraction (0.5mL) (25 µg/mL in methanol) was mixed with 0.1mL of 10% aluminum chloride, 0.1mL of 1M potassium acetate, and 2.8mL of distilled water. The reaction mixture was kept at room temperature for 30min, and the absorbance was spectrophotometrically measured at 415nm. Standard quercetin calibration curve was plotted by preparing the quercetin standard solutions at 10--70 µg/mL concentrations in methanol. The amount of flavonoid was calculated from the standard graph of quercetin.

### In vitro inhibition of CaO~x~ crystals growth induced by sodium oxalate {#sec3-3}

To assess the antilithiatic potential of plants under investigation, *in vitro* oxalate crystallization--inhibiting capacity was studied. This model investigated the crystallization of CaO~*x*~ crystals from aqueous solution in the presence or absence of ethyl acetate fraction of *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans*. The solution of calcium chloride and sodium oxalate was prepared in distilled water at the concentration of 4 mmol/L separately in Tris buffer (0.05mol/L) containing 0.15mol/L of sodium chloride at pH 6.5. Ethyl acetate fraction of each plant was dissolved in methanol at 5, 10, 25, 50, and 100mg/mL concentrations. Calcium chloride solution (9.5mL) was mixed with 1mL of ethyl acetate fraction at different concentrations (5--100mg/mL). Crystallization was started by adding 9.5mL of sodium oxalate solution and vigorous stirring for 1min. The mixture was then covered with a glass plate and set aside for crystallization at 30°C temperature. The optical density of the solution was monitored at 620nm using a spectrophotometer at different time intervals. The rate of sedimentary crystal formation was estimated by comparing the absorbance value in the presence of ethyl acetate fraction with that of control.\[[@ref9][@ref10]\] The percentage inhibition of crystal formation was calculated using the following formula:
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Result
======

Extractive values {#sec2-4}
-----------------

Percentage yield of hydromethanolic extract was 2.85%, 20.00%, 5.52%, and 12.74%, respectively, for *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans*. Ethyl acetate fraction yield was obtained as 0.47%, 0.28%, 0.52%, and 0.02% for *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans* from the respective hydromethanolic extracts. Qualitative analysis of the hydromethanolic extract of *C. dactylon* showed a rich presence of carbohydrates, flavonoids, proteins and amino acids, tannins, and phenolic compounds. The presence of alkaloids and glycosides was found to be less. The hydromethanolic extract of *E. officinalis* showed a rich presence of flavonoids, tannins, and phenolic compounds and a poor presence of glycoside, whereas that of *K. pinnata* showed a rich presence of carbohydrate, flavonoids, tannins, and phenolic compounds and a poor presence of alkaloids and glycosides. The hydromethanolic extract of *B. nutans* extract showed the presence of carbohydrates, flavonoids, tannins, and phenolic compounds. The ethyl acetate fraction of *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans* was subjected to quantitative estimation of total flavonoid and phenolic compounds. The content of total flavonoid was 40.00%, 53.75%, 65.00%, and 5.25%, whereas total polyphenol was 46.83%, 66.37%, 72.39%, and 47.56%, respectively, in the ethyl acetate fractions of *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans*.

Inhibition of CaO~x~ crystal formation {#sec2-5}
--------------------------------------

The ethyl acetate fraction of *C. dactylon* at 100mg/mL concentration showed above 50% inhibition (IC~50~) of CaO~*x*~ crystal formation after 90 and 120min of time interval. In case of ethyl acetate fraction of *E. officinalis*, above IC~50~ crystal growth inhibition was observed at more than 25mg/mL concentration after 90 and 120min interval. The ethyl acetate fraction of *K. pinnata* at and above 50mg/mL concentration showed more than 50% inhibition of crystal formation after 30min. The ethyl acetate fraction of *B. nutans* showed IC~50~ crystal formation inhibition at above 25mg/mL concentration after 60min interval. The ethyl acetate fractions of *E. officinalis* and *B. nutans* had shown above 50% inhibition in the rate of crystal formation at 25mg/mL concentration, respectively, after 90 and 60min of incubation whereas *C. dactylon* and *K. pinnata* ethyl acetate fractions showed above 50% crystal growth inhibition at 100 and 50mg/mL concentration, respectively, after 90 and 30min of incubation \[Figures [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}\].

![*In vitro* percentage inhibition of calcium oxalate crystal formation by *C. dactylon* ethyl acetate fraction](JPBS-10-83-g003){#F2}

![*In vitro* percentage inhibition of calcium oxalate crystal formation by *E. officinalis* ethyl acetate fraction](JPBS-10-83-g004){#F3}

![*In vitro* percentage inhibition of calcium oxalate crystal formation by *K. pinnata* ethyl acetate fraction](JPBS-10-83-g005){#F4}

![*In vitro* percentage inhibition of calcium oxalate crystal formation by *B. nutans* ethyl acetate fraction](JPBS-10-83-g006){#F5}

The ethyl acetate fractions of *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans* showed excellent *in vitro* inhibition of CaO~*x*~ crystal formation, that is, 70.88%, 92.02%, 67.15%, and 86.09%, respectively, in 100mg/mL concentration after 120min of exposure. *B. nutans, E. officinalis* and *K. pinnata* have achieved IC~50~ within 30min of incubation at 100mg/mL concentration, whereas *C. dactylon* required 60min to achieve IC~50~ \[[Figure 6](#F6){ref-type="fig"}\]. The results signify that ethyl acetate fractions of *B. nutans* shoot, *E. officinalis* fruit, and *K. pinnata* leaf have excellent *in vitro* CaO~*x*~ crystal growth inhibition potential based on both the comparative concentration and time level to achieve IC~50~.

![Comparative *in vitro* percentage inhibition of calcium oxalate crystal formation by *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans* ethyl acetate fraction at 100mg/mL concentration](JPBS-10-83-g007){#F6}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Nephrolithiasis is a commonly found pathological condition all over the world, exploiting approximately 20% of the adult population. Formation of crystals in the urinary tract is driven by urinary supersaturation, which is the primary requisition for large stone formation in subsequent stages, though all crystal initiation do not essentially cause stone formation.\[[@ref3][@ref11]\] CaO~*x*~ urinary stones are the most common of all kinds of urinary organ stones. Researchers have shown that crystal retention is an essential step for the formation of clinically symptomatic stone. Crystal agglomeration has long been recognized as the most vital process resulting in crystal retention. In the patients with repeated calcium stone occurrence, it is conjointly prompted by the reduced ability of excretion.\[[@ref12][@ref13]\] Cellular injury potentiates CaO~*x*~ crystal formation and interaction within renal epithelial cells. Salts or CaO~*x*~ crystals play a major role in the formation, retention, and development of stones.\[[@ref14]\] Study of *in vitro* CaO~*x*~ crystal dissolution and inhibition is of high value to assess how it differs from the conventional *in vivo* dissolution, as in the case of *in vitro* dissolution, the urinary crystal is prompted to dissolve in an appropriate ideal solvent. *In vitro* dissolution is achieved in a condition where a constant supply of nutrients is maintained for the expansion of solubility. This kind of condition, which is principally desired *in vivo* to dissolve the stones is nearly impossible to maintain. When the dissolution of stone cannot be achieved, it is commonly preferred to use the growth inhibitors. Many chemical compounds, herbal extracts, and fruit juices can act as growth inhibitors, and they are being assessed on in vitro and in vivo studies.\[[@ref15]\] Supersaturation of urine with CaO~*x*~ is the foremost important aspect of urinary stone formation, along with other factors such as crystallization, nucleation, growth, and aggregation.\[[@ref16][@ref17]\] Therefore, if supersaturation or in later steps crystallization is prevented, then pathology is ought to be avoided. In clinical practice also, measures are typically adapted to scale back supersaturation in urinary track, e.g., increasing fluid intake and dietary modification along with medical care.

The under trial herbal remedies *C. dactylon, E. officinalis, K. pinnata*, and *B. nutans* are evidence-based handpicked ones, which are selected for pilot *in vitro* study to explore the possible phytopharmacological correlation based on the fundamentals of reverse pharmacology. Reverse pharmacology is outlined as a transdisciplinary that initiates drug discovery and development from the information of traditional uses following experimental studies. The trial of reverse pharmacology is cost-effective and time-saving in contrast to the long and costly random screening of herbs for drug development.\[[@ref18]\] This has enabled the researchers to deal with the pharmacotherapy of urinary stone with the alternative treatments as not many herbal drugs are available to treated nephrolithiasis.\[[@ref19]\] The results showed that *K. pinnata* had the highest content of total flavonoid and polyphenol followed by *E. officinalis* and *C. dactylon*. Though *B. nutans* had lowest flavonoid content, its polyphenol content was equivalent to *C. dactylon*. The results showed excellent *in vitro* CaO~*x*~ crystal growth inhibition potential of *B. nutans* shoot, *E. officinalis* fruit, and *K. pinnata* leaf ethyl acetate fraction based on the comparative concentration level and time extent to achieve IC~50~. On the basis of maximum *in vitro* CaO~*x*~ crystal formation inhibition ability at 100mg/mL concentration after 120min of exposure, the ethyl acetate fractions can be arranged in a descending order as *E. officinalis, B. nutans, C. dactylon*, and *K. pinnata*.

Acid-hydrolyzation of apple juice with *moushmi* (*Citrus medica*) and amla (*E. officinalis*) enhances solubility of renal stones of different forms (whole and powdered) compared to non-hydrolyzed juice.\[[@ref20]\] Consumption of hot water extract of *B. nutans* shoot daily for 7 days is helpful in the reduction of urinary calculus.\[[@ref3]\] The alcoholic extract of leaves of *B. vulgaris* showed *in vitro* inhibitory effect on the formation of CaO~*x*~ precipitate and crystallization.\[[@ref21]\] Contemporary juice extracted from the leaves of *Bryophyllum pinnatum* was administered to patients having stones. Regular intake of the juice effectively dissolved the stones in spite of its position, nature, and former treatments. It additionally expedited decreased oxalate excretion with increased citrate excretion suggesting antilithiatic properties.\[[@ref22]\] Polyherbal tablets containing *K. pinnata* extracts as one of the constituents were found effective against the accumulation of CaO~*x*~ crystals and prevention of stone formation within the kidneys.\[[@ref23]\] *C. dactylon* extracts, i.e., n-butanol fraction and n-butanol phase remnant, given with drinking water showed beneficial effects on the prevention and elimination of ethylene glycol--induced kidney calculi in rats.\[[@ref24]\]

Phytochemical evaluation showed the presence of phenolic compounds, flavonoids, and tannins in all the four plants. Flavonoids and polyphenolic compounds have diverse pharmacological effects such as anticancer, antioxidant, antiaging, and antibacterial.\[[@ref25]\] Flavonoids can prevent adhesion of CaO~*x*~ crystals in urinary track by virtue of free radical scavenging effects and stop further injury in the process of kidney stone formation.\[[@ref26][@ref27]\] Total flavonoid content of *Desmodium styracifolium*, a Chinese herbal medicine;\[[@ref28]\] honeybee product called propolis composed of phenolic, terpenes, essential oils, and especially flavonoids;\[[@ref29]\] and avocado leaf (*Persea americana* Mill.) extract with high flavonoid content have been reported to have antilithiasis activity.\[[@ref30]\] Flavonoid diosmin (10 and 20mg/kg) had shown very good antiurolithiatic activity similar to cystone on ethylene glycol and ammonium chloride--induced urolithiasis in experimental rats.\[[@ref31]\] Polyphenols from grape seed extract prevented CaO~*x*~ monohydrate--induced papillary calculus formation,\[[@ref32]\] and *Piper nigrum* polyphenol extract inhibited sodium oxalate--induced oxidative stress in rat kidney.\[[@ref33]\] Procyanidin phenolic compounds isolated from *Quercus gilva* Blume were effective on acute urolithiasis in the experimental animal. Dietary polyphenol caffeic acid had a preventive effect on ethylene glycol--induced kidney stones in rats.\[[@ref34]\] Effect of vanillic acid on infectious urolithiasis caused by urease-producing bacteria was comparable with that of other known struvite/apatite crystallization inhibitors (acetohydroxamic acid, pyrophosphate) with a strong inhibition of bacterial growth and the formation of crystals.\[[@ref35]\] Procyanidin, vanillic acid, rutin, and curcumin like polyphenolic compounds are known to have antioxidant and anti-inflammatory activities, which may contribute to their antiurolithiatic effect.\[[@ref36]\]

C[ONCLUSION]{.smallcaps} {#sec1-4}
========================

This study outcome substantiates that *E. officinalis, B. nutans, C. dactylon*, and *K. pinnata* have potential *in vitro* CaO~*x*~ crystal dissolution and crystal growth inhibition properties. Phytochemical analysis revealed highest flavonoid and polyphenol content in *K. pinnata* and lowest flavonoid content in B. nutans, though it has good polyphenol content. Study showed excellent CaO~*x*~ crystal growth inhibition potential of *B. nutans* shoot followed by *E. officinalis* fruit and *K. pinnata* leaf. This may be due to difference in the presence of a particular flavonoid or polyphenol compound signifying a high-level presence of one or more polyphenolic constituents in *B. nutans*. The ethyl acetate fraction of B. nutans leaf is reported to contain seven phenolic acids, that is, caffeic acid, p-coumaric acid, sinapic acid, ferulic acid, coumaroylquinic acid, 5-feruloyquinic acid, and dihydroxybenzoic acid. Caffeic acid along with flavonoid homoorientin, luteolin, and ferulic acid were detected in high quantity in the ethyl acetate fraction of B. nutans.\[[@ref37]\] Rich synergistic presence of caffeic and ferulic acid may have produced the prominent crystal aggregation inhibition response of *B. nutans*. Amla (*E. officinalis*) is highly valued in traditional Indian medicine containing tannins, flavonoids, phenolic compounds, saponins, terpenoids, especially chebulinic acid, chebulagic acid, emblicanin, gallic acid, ellagic acid, and quercetin.\[[@ref38]\] Bogucka-Kocka *et al*.\[[@ref39]\] reported the presence of rich quantity of ferulic and caffeic acid in *K. pinnata* leaf extracts along with antioxidant and cytotoxic activities. Further evaluations of these plants are being carried out in animal models to explore the utility potential in urolithiasis treatment.
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